Isolated populations of Drosophila pseudoobscuru, separated from North American populations by about 2,400 km, were found in Colombia in 1960. We compared for sequences of the small ribosomal RNA (srRNA) gene on the mitochondria between North American and Colombian D. pseudoobscuru in order to clarify the age of the Colombian isolates. The North American populations were not genetically different from each other but were genetically different from the Colombian populations. The Mexican strains represent the area from which the Colombian founders might have come. The estimated net nucleotide divergence between Mexican and Colombian D. pseudoobscuru indicates that the Colombian population is not an ancient lineage. Phylogenies using both distance and parsimony methodologies reinforced this conclusion. The Colombian samples group together with both methods but, according to the bootstrap analysis, not significantly. It appears that the populations have not been separated long enough for their DNA sequences to show much divergence.
Introduction
The ancestors of Drosophila pseudoobscura probably crossed the Bering Strait about the time the deciduous forest came into being during the mid-Tertiary, about 30 MYA, and as the mountains grew and expanded so did temperate Drosophilid populations (Throckmorton 1975) . About one million years ago (Sperlich and Pfriem 1986 ) D. pseudoobscura diverged from D. persimilis and is now the most widespread (Lakovaara and Saura 1982) as well as one of the most extensively studied of the New World obscura group species (Dobzhansky and Powell 1975; Anderson et al. 1991; Krimbas and Powell 1992) . Nearctic populations have diverged genetically but no sexual isolation has been found among them (Anderson and Ehrman 1969) . They typically occupy a variety of habitats (Taylor and Powell 1983) , from temperate pine and oak forests to chaparral and semideserts (Powell et al. 1976; Kimblast and Powell 1992) , from the pacific coast to the plains of Texas, and from British Columbia in Canada to Guatemala in Central America (Olivera et al. 1979) .
In 1960 Alice S. Hunter discovered a neotropical Drosophila pseudoobscura population in a pine forest on the eastern cordillera around Bogota, Colombia, at elevations of about 2, 280 m (Hunter 1960; Dobzhansky 1974) . The Colombian populations are separated from the nearest populations that are known in Mexico and Guatemala by 2,400 km. While North American and Guatemalan populations occupy a wide variety of habitats, the isolated Colombian populations inhabit an area of about 40,000 km2 of similar ecology across the high Andean plateau of Cundinamarca, Boyaca, and Santander, known as the cundiboyacense Altiplano (Hoenigsberg et al. 1983 (Hoenigsberg et al. , 1988 Cardenas and Hoenigsberg 1989) . Other attempts to find the species in Costa Rica, in Panama, or on the other two high Andean plateaus in Colombia have been unsuccessful (Prakash 1972; Hoenigsberg et al. 1983) .
Initial investigations by Dobzhansky et al. (1963) revealed three things about the Colombian populations. The first was that they possessed only Tree Line (TL) and Santa Cruz (SC) of the 53 third chromosome inversion types now known. The second, for which Mayhew et al. (1966) provided additional evidence, was that the Colombian populations carried a lighter genetic load than any other populations.
The last characteristic was that Colombian D. pseudoobscura possessed only one of the four Y-chromosome types known for D. pseudoobscura (Dobzhanky 1937) , which is like that found in some males in Mexico and all males in Guatemala. Prakash, Lewontin, and Hubby (1969) collected allozyme data using standard gel electrophoresis. They showed that the Colombian population differed from North American populations in that they had fewer polymorphic loci, reduced heterozygosity (Prakash, Lewontin, and Hubby 1969) , fixed alleles that were frequent in North American populations, an increase in frequency of other alleles that are rare in the North American populations, and a new allele at the Pt-13 locus (Prakash 197 1) . Prakash ( 1972) also noted that there was no sexual isolation between the various North American and Colombian populations that he studied; he observed random mating among them.
When females from the Colombian populations were mated to males from North American populations, the hybrid F, male progeny were sterile. Prakash (1972) suggested that this phenomenon was the result of a genetic reorganization typical of a population peripherally isolated from North American populations (Mayr 1982) . Prakash concluded that the genetic changes observed in the Colombian population were likely the result of a very recent founder effect and illustrative of Mayr's "Genetic Revolution" (Mayr 1954 ). Nei, Maruyama, and Chakrabority (1975) used the Colombian populations as an example of an extremely small bottleneck.
They assumed, based on Prakash's (1972) findings, that the populations were established around 1960 either by one or a few inseminated females. These authors, under the assumptions of the infinite-alDownloaded from https://academic.oup.com/mbe/article-abstract/13/9/1266/991468 by guest on 12 April 2019 lele model, demonstrated that it is theoretically possible for the Colombian populations to have developed rapidly from a small number of founders.
The age of the Colombian isolate of D. pseudoobscuru is of no small importance, since it gives us a time frame for the beginning of a speciation event. If the population is very young, the hypothesis of a few founders from a close marginal population seems most plausible, based on the biogeography of the D. pseudoobscuru populations.
Small populations are expected to have reduced variability as well as an increased rate of evolution (Mayr 1942, p. 236) .
The Colombian populations of D. pseudoobscuru were considered differentiated enough by Ayala and Dobzhansky (1974) to be designated the subspecies Drosophila pseudoobscura bogotana. Dobzhansky (1974) postulated that it was unlikely that the Colombian populations were recently introduced. He hypothesized that the genetic basis of the unidirectional sterility was complex and suggested that the small genetic load as well as the depauperate chromosomal polymorphism could be explained by periodic inbreeding. Ayala and Dobzhansky (1974) proposed that D. pseudoobscuru in Colombia was passively transported from Guatemala by winds or hurricanes, perhaps millions of years ago. Hoenigsberg and Rodriguez (1987) also suggested that the Colombian D. pseudoobscuru population from the cundiboyacense Altiplano may be a very old remnant of an ancient migration from Central America.
Sequential electrophoretic procedures, in which parameters such as pH, gel pore size, and temperature were varied, revealed additional allozyme variation within the Colombian D. pseudoobscuru. Singh, Lewontin, and Felton (1976) used four different electrophoretic conditions and a heat stability test to show that the Colombian populations were genetically distinct at the Xdh locus. Coyne and Felton (1977) found the Adh-6 allele for the Colombian populations to be different from that in the North American and Guatemalan populations. Coyne, Felton, and Lewontin (1978) also discovered that the Colombian D. pseudoobscura had unique electromorphs for the Est-5 locus as well as two unique heat-sensitive classes. Singh (1983) investigated the pattern of hidden allelic variation at 10 loci using sequential electrophoresis and discovered that there was considerable variation within the Colombian populations that was not found in the North American populations.
The Colombian populations were therefore more genetically different from the North American populations than initial allozyme investigations had indicated. Another important point is that there appears to be considerable gene flow among North American populations of D. pseudoobscura, particularly in extremely unfavorable environments (Powell et al. 1976; Jones et al. 1981; Coyne et al. 1982; Coyne, Bryant, and Turelli 1987; Schaeffer and Miller 1992) . The results from sequential electrophoresis therefore seem to support Dobzhansky's view that the Colombian populations are ancient, and have been isolated from gene flow with the North American populations for a long period of time. Schaeffer and Miller (1991) used Adh gene sequences to calculate the genetic distances between Colombian and Californian D. pseudoobscura populations as well as to estimate the time since they diverged. They calculated the net nucleotide divergence between the two populations and calibrated this divergence against a rate of 1.7% nucleotide substitutions per Myr (Caccone, DeSalle, and Powell 1988) . Their estimated time of divergence between the Californian populations and the Colombian populations was 155,000 years, a result that supports neither a recent introduction (Prakash 1972) nor an ancient divergence (Ayala and Dobzhansky 1974; Dobzhansky 1974; Hoenigsberg et al. 1983; Hoenigsberg 1986) .
How long does it take for a subspecies or species to form? Could the partial reproductive isolation of the Colombian D. pseudoobscuru be the result of a slow accumulation of genetic change and of complex genetic interactions as Dobzhansky (1974) suggested? Would the Colombian populations continue in partial isolation in sympatry? Since Colombian D. pseudoobscuru have accumulated enough genetic changes to be considered a subspecies, they afford the opportunity to examine these questions if the age of the population can be clarified.
We studied divergence of the Colombian D. pseudoobscuru from North American populations by comparing the sequences of the small ribosomal RNA (srRNA) gene on the mitochondrion.
The srRNA gene does not recombine, so variation will not be affected by recombination.
We used the permutation-based statistic of Hudson, Boos, and Kaplan (1992) 
Materials and Methods

Drosophila Strains
Details on the strains used in this study are shown in table 1. As a test for contamination of the Colombian strains, females from Colombia were regularly mated to males from the North American populations to determine if F, hybrid males were sterile. Salivary squash preparations to examine the third chromosome were also done regularly to test for contamination as well as to verify D. miranda, D. persimilis, and D. pseudoobscura species.
DNA Extraction
DNA from a single fly preparation was extracted according to the methodology of Liu and Beckenbach (1992) .
Amplification and Sequencing
Primers used for amplification, DRMT1653S and DRMT2279N (table 2 and primers, DRMTlS, DRMT2S, and DRMT3S (table 2) , designed from D. pseudoobscura sequences and each oriented 5'-+3' in the direction of transcription, were also used for sequencing.
Polymerase chain reaction (PCR) amplification was performed in 50-p,l reactions using 2 ~1 of a 1 : 100 dilution of extracted DNA samples, a 100 : 1 ratio of the two end primers (DRMT1653S and DRMT2279N) and 2.5 mM MgCl,. Amplification was accomplished in a PTC-100 Programmable Thermal Controller (MJ Research, Inc.) for 35 cycles. Each cycle consisted of 94°C denaturation for 1 min, 50°C annealing for 1 min, and 70°C extension for 2 min.
Amicon Centricon-100 concentrators were used to purify amplified products, 7 ~1 of which were used for each sequencing reaction. Templates were sequenced using the fmol DNA Sequencing System (Promega Corporation). Primers were end-labeled with [32P]ATI? A 1 ~1 terminal transferase mixture was added as a last step to the Promega fmol DNA Sequencing System, and was then incubated at 37°C for 30 min. The basic terminal transferase mixture consisted of 3.5 ~1 dNTP mix (500 ~1 stock solution: 100 ~15 X Promega Sequence Buffer; 5 p.1 each of 100 mM solution dATP, dGTP, dTTP, dCTP; 380 ~1 H,O), 0.1 p,l ddH,O, and 0.4 ~1 terminal transferase (25 units/kl). Sequencing gels were then autoradiographed.
An Applied Biosystems machine, model uba (Clary and Wolstenholm 1985) .
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Analysis
Phylogenetic analysis was done with several computer packages: DNAPARS version 3.22 of PHYLIP (Felsenstein 1989) , neighbor-joining (NJ) analysis (Saitou and Nei 1987) using TREENJ of ODEN version 1.1.1 (Ina 1992) , and UPGMA analysis (Sokal and Michener 1958) using TREEUPG of ODEN version 1.1.1 (Ina 1992) . Bootstrap analysis was done with DNABOOT version 3.22 of PHYLIP (Felsenstein 1989) in order to determine confidence limits using parsimony. Bootstrap analysis for phylogenies generated by either NJ or UPGMA was done with BSTRAP version 1.1.1 of ODEN (Ina 1992) . Programs  TREENJ2  and  TREEUPG2 of DendroMaker version 7.5 (Imanishi 1993) , which utilize the output files of ODEN to draw phylogenetic tress on the screens of Macintosh computers, were initially used to draw NJ and UPGMA trees. Nucleotide diversity for sequences was determined using NUCDIV of ODEN version 1.1.1 (Ina 1992 ) using the two-parameter model of Kimura ( 1980) . Nucleotide differences between North American and Colombian populations were estimated from site data by the method of Nei (1987, p. 276) . To calculate the time of divergence along two lineages we assumed that the rate of nucleotide substitution is constant and is A per site per year. We also assumed the time since divergence between North American and Colombian populations is 7'. Divergence time was then estimated according to Nei's equation 10.22 (1987, p. 277 ) using 3.2% divergence per Myr (Sharp and Li 1989) .
The statistic recommended by Hudson, Boos, and Kaplan (1992) was used to test the null hypothesis of no genetic differentiation between subpopulations from different geographic locations. A matrix of pairwise differences for all sequence data was generated for population pairs in order to estimate the rank statistic Z*. This Z* was calculated for each random partition of sampled DNA sequences. Population subdivision is indicated and the null hypothesis is rejected when random partitions are smaller than the observed Z* (P < 0.05).
Results
Phylogeny
Phylogenies
were inferred using both distance and parsimony methods. They were rooted with the outgroup species D. miranda. A neighbor-joining tree (Saitou and Nei 1987 ) and a parsimony tree (Felsenstein 1989 ) are shown in figures 2 and 3, respectively. A UPGMA tree was also generated, but is not depicted in the figures.
Statistics
The nucleotide sequences of the srRNA gene in 24 strains, including the outgroup species D. miranda and D. persimilis, were determined. We examined 602 sites of the mitochondrial srRNA gene after alignment with the MALIGN program (Hein 1989) . and found, as did Clary and Wolstenholm (1985, 1987) , that there was a decided AT bias (about 7 1%).
We first determined the number of segregating nucleotide sites. There were a total of 59 polymorphic sites, excluding deletions and insertions. Nine of these sites (15%) were segregating in both the North American and Colombian populations, 43 (73%) were unique to the North American populations, and 7 (12%) were unique to the Colombian populations.
The estimated nucleotide diversity (table 3) , which measures the average number of nucleotide differences per site between two sequences (Nei 1987, p. 256) , was 2.3% for the North American populations and 0.9% for the Colombian populations. The Mexican and ArizonaTexas populations (table 3) do not differ significantly in nucleotide diversity (P > 0.05). The North American populations as a whole are 2.4 times more variable than the Colombian populations, which is a significant difference (P < 0.05). The Mexican populations have 1.6 times the nucleotide diversity of the Colombian populations (table 3) , and this difference is also statistically significant (P < 0.05). Our strains from Colombia, therefore, have significantly less polymorphism than do our strains from North American populations.
Have Colombian and main body populations been separated long enough to be genetically different for the mtDNA srRNA gene? The Hudson, Boos, and Kaplan (1992) statistic was used to test the null hypothesis that there is no genetic differentiation between populations from different geographic regions. We pooled the populations being compared, assuming no genetic differentiation. We then randomly partitioned the pooled sample into two subsets for 1,000 repetitions, each time calculating the statistic. First we compared two sets of strains from the main body of the species that were grouped in the NJ tree of figure 2 ([Psu242, Psu246, TEX86, TEX78, Psu36 1, Psu363] vs. [MEX32, MEX34, MEX88, MEX89, PSU360, ARS, SB33]). The genetic difference between these two groups of main body strains was not statistically significant at the conventional 5% level (P > 0.08).
Next we tested for genetic differentiation between Colombian and Mexican populations, which is the nearest main body population for which strains are available. The Colombian isolate may well have been founded by migrants from Mexico or Guatemala. Both of these populations have the TL and SC inversion types and the submetacentric Y chromosome found in Colombian populations.
The closest main body populations to Colombia, from which strains are available, are in Mexico. Thus, we tested next for genetic differentiation between Colombian and Mexican populations. The genetic differentiation between the Colombian and Mexican populations was stistically significant (P < 0.05). The value of the distance measure, DA, and its standard error were calculated as 0.007 ? 0.001 by the technique of Nei and Jin (1989) as a second estimate of the genetic differentiation between the Mexican and Colombian samples. We have not attempted to estimate D, between Colombia and the pooled North American populations because the nucleotide diversity over North America is so large The distance was calculated by the two-parameter method (Kimura 1980 ) using TREENJ of ODEN, version 1.1.1 (Ina 1992). it swamps the difference between strains from Bogota and North America.
Discussion
The age of the Colombian D. pseudoobscuru frames the debate about its origin. If the isolate is extremely old (i.e., millions of years), then its origin may be difficult to determine. If the origin of Colombian populations is relatively recent (decades instead of thousands of years), then a founder event resulting in the genetic reorganization of the Colombian D. pseudoobscura may be indicated.
The test of Hudson, Boos, and Kaplan (1992) for genetic differentiation indicates that our mtDNA samples from North American populations do not differ genetically from each other. This was also demonstrated by Schaeffer and Miller (1992) for their Adh data. The Colombian population is genetically different from the nearest North American population we were able to study, but the size of the net difference is small. The number of net nucleotide substitutions by which Mexico and Colombia differ is estimated to be D, = 0.007 -t 0.001.
The Colombian populations in our phylogenetic analysis clustered together in both trees ( figs. 2 and 3) . The NJ tree, unlike the UPGMA tree, does not assume a constant rate of evolution, and the branch lengths reflect the varying rates of nucleotide substitution from lineage to lineage. The NJ method utilizes a distance matrix from which a series of comparisons, based on the smallest distances between taxa, is repeated until all operational taxonomic units (OTUs) are clustered into a single family (Nei 1987, p. 299) . The NJ method produces a minimum-evolution tree more similar to maximum-parsimony trees than to UPGMA trees (Kim, Rohlf, and Sokal 1993) .
The parsimony tree represents the minimum number of base substitutions, or the fewest changes, needed to develop the tree topology. The parsimony tree is highly dependent upon the relationship between the size of the data set and the phylogenetically informative sites. The data set should have more informative characters -Majority-rule maximum-parsimony tree for the srRNA gene generated from a bootstrap analysis of 1,000 replicates using PHYLIP version 3.22, DNABOOT (Felsenstein 1985) . Numbers at the nodes represent the number of times out of 1,000 samplings the node occurred.
than it does taxa (Stewart 1993) . The more taxa included, especially closely related taxa, the greater is the risk of not having enough informative sites for unequivocally inferring phylogeny. We had 36 informative sites for a data set of 24 strains. However, many of our informative sites were due to the relationships created by the outgroup species used.
We generated 33 equally parsimonious trees, each 173 steps long and showing the Colombian strains clus- tered together. The Colombian strains often were separated from each other by one character. Other strains, such as TEX78 and TEX86, differed from the main body populations by as little as two character states. A bootstrap analysis of 1,000 replications was done for each tree topology to determine the significance of the groupings. This method samples with replacement either informative characters in parsimony methods or nucleotides in aligned sequences in distance methods. Two of its assumptions are that each site and each lineage evolves independently (Felsenstein 1988) . More accurate results are produced with the bootstrap method when each group is defined by three or more character states (Felsenstein 1985) . All three topologies showed the Colombian populations clustering (figs. 2 and 3, UPGMA not shown). The bootstrap analysis (figs. 2 and 3) indicated that many of the groupings separated as a single cluster in only a minority of the runs. The bootstrap analysis means that Colombian strains often cluster with North American strains, a result confirmed for the NJ tree by examining individual trees from the 1,000 bootstrap samples. There is no known gene flow between the North American and Colombian populations to account for the bootstrap results, so there must be a rather low level of divergence between Colombian and North American populations.
The small amount of divergence between Colombian and North American populations of D. pseudoobscura could be due to relatively recent formation of the Downloaded from https://academic.oup.com/mbe/article-abstract/13/9/1266/991468 by guest on 12 April 2019 Colombian isolate. It could also be accounted for if the srRNA gene were highly conserved.
Drosophila pseudoobscuru in Colombia is isolated from the nearest D. pseudoobscuru population in Guatemala, itself a marginal population. The Mexican and Guatemalan populations occupy peripheral territory within the range of the mostly Nearctic D. pseudoobscum. The founders of the Colombian population most likely came from one or both of these populations. Mexican founders could even have established a colony in Guatemala, which in turn could have contributed colonizers to Colombia.
It seems fair to assume that if populations of Colombian D. pseudoobscuru were reunited with North American D. pseudoobscuru, numerous hybrid progeny would be produced between them. Certainly there would be some reduction in hybrid progeny initially, due to the sterility of F, hybrid males with Colombian mothers. But since the hybrid females are fertile, they could constitute a conduit through which considerable gene flow could be established. Thus, it may be debated whether the Colombian populations have become reproductively isolated enough to be able to maintain their partial postzygotic isolation without being geographically isolated. Mitochondrial DNA in Drosophila probably evolves at least as fast as nuclear genes (Powell et al. 1986 ) and at most two times faster than nuclear genes (Sharp and Li 1989) . These latter authors evaluated both nuclear and mtDNA genes in Drosophila species and estimated the average rate of nucleotide substitution in Drosophila to be 3.2% per Myr. Following them, we calibrated our net divergence to a 3.2% rate of nucleotide substitution per Myr in order to estimate the time of divergence (Nei 1987, p. 277) between populations. Our estimated D, of 0.007 between populations in Mexico and Colombia translates into 109,375 years, with one-standard-error limits of 87,500 to 13 1,250 years. Schaeffer and Miller (1991) estimated that the Colombian populations diverged from Californian populations about 155,000 years ago based on the Adh nuclear gene and a calibration of 1.7% nucleotide substitutions per Myr, while we used the srRNA gene from the mtDNA for a further analysis. Schaeffer (personal communication) has determined that this figure would be reduced to about 77,000 years if he had used the calibration of 3.2% per Myr, which is the calibration he recommended we use. Our calculated time of divergence for the mitochondrial srRNA gene reinforces Schaeffer and Miller's estimate for the Adh gene, adding robustness to both estimates.
The significantly reduced nucleotide diversity observed within the Colombian D. pseudoobscuru would be expected if the Colombian populations were the result of a founder event from either Mexico or Guatemala. The smaller the founding population, the more drastic would be the loss of alleles in the first generation (Nei, Maruyama, and Chakrabority 1975) . If population growth rate remained small because D. pseudoobscuru in Colombia was divided into several small demic populations, as Hoenigsberg et al. (1983) suggest, then nucleotide diversity might have remained at low levels. Hoenigsberg et al. (1988) proposed that the population structure of D. pseudoobscuru in Colombia is not panmictic. Rather, they propose that the Colombian populations consist of numerous small, isolated populations or demes (Hoenigsberg and Rodriguez 1987) . Hoenigsberg and Dobzhansky (1987) studied a number of demes for over 14 years, which were subject to extinction and recolonization events. These events resulted in severe bottlenecks that could have resulted in the low nucleotide diversity found in Colombian populations.
A demic population structure could contribute to genetic reorganization (Mayr 1982) , resulting in the unidirectional sterility observed when Colombian D. pseudoobscuru females are mated to main body males. Such a demic system, susceptible as it is to bottlenecks, could also be vulnerable to what Carson (1975) describes as the founder-flush-crash cycle. Initially a founder population may experience exponential growth. This results in breakdown of the strong epistatic relationships that are characteristic of a coadapted or "closed variability system" (Carson 1975) . Recessive alleles are exposed to selection, which may result in the destabilization of blocks of loci. Then the population crashes to a fraction of its flush numbers. Only genetic innovations that survive the tandem effects of selection and drift persist. The third chromosome inversions, represented by TL and SC in Colombian populations, are examples of what Carson (1975) calls a closed system because blocks of genes are associated in a coadapted chromosome segment. Dobzhansky (1970, p. 272) refers to these coadapted genes locked in inverted sections of the chromosome as supergenes. During a founder-flush-crash cycle the population rapidly increases in size, natural selection is relaxed, supergenes may be disrupted, and recombination may produce variable progeny. The population then crashes, leaving perhaps one or a few descendants, which represent a new genetic organization.
It is unlikely that the Colombian population is a very old remnant of an ancient immigration from Central America as proposed by Dobzhansky (1974) and Hoenigsberg (1986) , or that it was introduced into Colombia only decades ago as Prakash (1972) suggested. The permutation-based statistical method of Hudson, Boos, and Kaplan (1992) (table 3) . Gene flow probably decreases between populations as the distance between them increases because each new population represents only a subset of the parent population's gene pool. But gene flow most likely is maintained in this disperse species through sharing of genes with intermediate populations. As D. pseudoobscura moved south it was farther away from the original source populations; the farther away, the less representative it was of the diverse gene pool in the parent populations.
When D. pseudoobscura reached Mexico, a few founders representing a portion of the Mexican gene pool may have spread into Guatemala. Then, during the late Pleistocene or early Holocene one or a few founders from either Mexico or Guatemala made it into Colombia across the Central American land bridge. It is highly unlikely, based on our srRNA data, that D. pseudoobscura migrated into North America from South America.
It would be interesting if additional strains could be collected from Guatemala in order to determine the relationship between Mexican and Guatemalan populations and between Guatemalan and Colombian populations for the srRNA gene.
The srRNA gene in the Colombian populations is not as variable as the srRNA gene in the North American populations. This indicates that the Colombian populations have not been separated from the North American populations long enough for the srRNA gene to accumulate much variation. But other genetic characters in Colombian populations have become variable to the point of being isolating mechanisms.
It would be interesting to calculate how long it would take for a founder population constricted by a severe bottleneck to develop a unidirectional hybrid sterility as well as significant allozyme variation.
Sequence Availability
All the nucleotide sequence data reported in this paper were given to EMBL and appear in the EMBL, GenBank, and DDBJ Nucleotide Sequence databases. EMBL access numbers are: X74989 (BogER), X74990 (Bog68), X74991 (MEX89), X74992 (Bog69), X74993 (TEX78), X74994 (ARS), X74995 (PSU360), X74996 (MEX34), X74997 (MEX32), X74998 (PSU361), X74999 (Miranda 294), X745000 (PERVI), X745001 (PSU363), X745002 (BogLC), X745003 (SB33), X745004 (SB33), X745005 (PSU42), X745006 (PSU246), X75007 (BC), X75008 (TEX86), X75009 (AH162), X75010 (Bog35), X7501 1 (Bog3), X75012 (MEX88).
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